minor. They showed that SPB carrying tarsonemid mites carry C. minor more often than mite-free beetles. However, that study did not compare mite population levels with the occurrence of bluestain in SPB infestations.
KEY WORDS Dendroctonus fron talis, Tarsonemus kmn tzf, Tarsonemus tps, Cera towstis minor BLUESTAINING FUNGUS, Ceratocystis minor (Hedgcock) Hunt, is usually introduced into trees by attacking southern pine beetles (SPB), Dendroctonus frontalis Zimmermann. SPB also carries a number of mites including two species of tarsonemids, Tarsonemus krantzi Smiley & hloser and T. ips Lindquist (Moser & Roton 1971 , Kinn 1976 ). These phoretic mites have structures called sporothecae (Moser 1985) that carry ascospores of C. minor. Bridges & Moser (1983) postulated a role for phoretic mites in the transmission of C. minor. They showed that SPB carrying tarsonemid mites carry C. minor more often than mite-free beetles. However, that study did not compare mite population levels with the occurrence of bluestain in SPB infestations.
We hypothesized that if mites vector the bluestaining fungus, the amount of C. minor in SPBinfested trees would vary with mite population fluctuations. To test this hypothesis, we measured mine the number of T. krantzi and T . ips they carried. Bark was removed at 3.5 m, taken to the laboratory, and placed in rearing containers. Thirty emerging beetles were collected from each tree and stored in vials of alcohof. Eketles and alcohol were examined to determine the number of T. ktantzi and T . ips in each sample. Mites also were examined microscopically to determine the number of C. minor ascospores they carried (Moser 1985) . T o analyze the data, measurements of bluestain were pooled for each tree. Data were analyzed using Kruskal-Wallis tests (Conover 1980) to determine differences among sample locations in the amount of bluestain, number of mites, and the proportion of mites that carried spores. Spearman's rank correlation procedure (Conover 1980) was used to determine the degree of correlation between bluestained area and number of mites. phoretic mite population dinsities and fungus oc-
Results and Discussion
currence in SPB-infested trees to determine the relationship of mites and bluestain.
SPB-infested trees in the Sam Houston National Forest contained only a. 33% as much bluestain
Materials and Methods
From June to September 1984, bluestain was measured in SPB infestations in the Sam Houston and Sabine National Forests in Texas and in the Kisatchie National Forest in Louisiana. Sapwood stained by C. minor was measured in 57 SPBinfested trees. Measurements of bluestain were made at heights of 1,5,3.5, and 6.5 m in each tree. Four bark samples (la) cmP) were removed at each height, and the wood bluestained by C . minor was traced onto a piece of mylar. The area of bluestained wood was measured on the mylar (Bridges et al. 1985) .
Beetles were examined from each tree to deteras trees from the ~abLne or Kisatchie National Forests. Significantly more of the samples from the Sam Houston National Forest were bluestain-free compared with samples from the other two areas (Table 1) . There were significantly fewer T . krantzi on SPB collected from the Sam Houston National Forest than on those from the other two areas, and significantly fewer T . ips on SPB from the Sam Houston and Kisatchie National Forests than on those from the Sabine National Forest (Table 1) . There was a significant correlation between the area stained by C . minor and the number of T. h n t z i per beetle ( r = 0.70; P < 0.01; n = 57), but no significant correlation with numbers of T.
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Vol. 15, no. 4 ips ( t = 0.21; P > 0 . E ; n 57), although this mite carried fungal spores about as frequently as I".
krantzi ( Table 2 ). There was generaIIy no significant difference among forests in the proportion of mites that carried spores, but a smaller proportion of T. ips from the Sam Houston National Forest carried spores than T. ips f w m the Kisatchie National Forest (Table 2) . Five of 34 trees sampled in the Sam Houston National Forest had no bluestain in any of the 12 samples examined per tree. Four of these bluestain-free trees had no T. krantzi on the SPB examined. However, T. ips were found on SPB in all but one of the bluestain-free trees, suggesting that T. ips may have alternate food sources. C. minor is thought to be the primary food for T. suggest that low levels of bluestain are characteristic of outbreak populaticjns of SPB. Data from this study are the first to suggest that a low incidence of phoretic mites may also be a feature of SPB epidemics.
Although we found a significant relationship between the occurrence of phoretic T. kranizi and bluestain in SPB populations, we cannot establish cause and effect relationships. Tarsonemid mites feed on C. minor in SPB-infested trees. Thus, changes in the abundance of C. minor could cause changes in tarsonemid populations. We have suggested (Bridges & Moser 1983 ) that tarsonemid mites vector C. minor by carrying spores in sporothecae (Moser 1985) . Therefore, changes in mite populations could cause changes in bluestain abundance. Because of the interrelationships between mites, bluestain, and SPB infestation levels, knowledge of phoretic mites could be important to understanding the population dynamics and epidemiology of SPB.
